Abstract -A 100MHz centre frequency, 10MHz bandwidth 6th grounded capacitors. The circuit can be divided into order Butterworth bandpass filter using a leap-frog gm-C capacitively-loaded gyrator "resonators"(gm3, 4, 7, 8, 11, structure is described. Fully differential Nauta OTAs are used 12), and inter-resonator "coupling" OTAs (gm5, gm6, gm9, in the design, which include compensation of parasitic output gmIO). The remaining OTAs form the terminating resistance and feed-forward effects to obtain high Q. A mixedresistances (gm2, gml4), and gain-setting input and output signal, on-chip tuning system based on Dishal's method is ' f described. The filter and tuning system have been simulated buffers forthe filter (gml, gml3). 
aliasing filter having a high quality bandpass response, with prototype a bandwidth that is a small fraction of the center frequency.
This paper describes the design of a filter that might be used One might use impedance scaling to obtain equal-value in this application, having 100MHz centre frequency and a transconductances and achieve accurate matching between 6th order Butterworth response with a bandwidth of 10MHz.
OTAs. However, this results in a wide range of capacitor values, leading to poor matching between resonators. A fully differential OTA-C leap-frog structure is described, Instead, equal capacitor and transconductance values are based on a Nauta OTA design using feed-forward used in all resonators. This ensures good matching of the compensation in order to achieve high resonator Q at high resonant frequency of each section and minimizes the frequency. An following component values:
II. FILTER DESIGN C1-C6 = 3.18pF The prototype Butterworth bandpass LC ladder f1lter with g-3, g-4, g-7, g-8, g-1, g 12= tiS f&4100MHz, BW =10MHz is shown in Figure 1(a) . Figure  gin1 , gm2, gm6, gm1o, gm13, gm14= 1OO0iS 1(b) shows the OTA-C structure used to simulate the ladder gm5, gm9 =50g5
prototype. This circuit is fully differential and uses only -40 --------------------------------------------411---------------------r------------------- 
1T -------------------------------------------80T ------------------------------------------
( v i ) (vii) The AC signal at the resonator is rectified and applied to an integrator. After a tuning step, (i), the integrator output is Figure 6 . Waveforms for single resonator tuning reset. The reset interval (i) - (ii) leap-frog filters with several resonators, using Dishal' s method as shown in Fig. 7 . Each resonator, A, B, C, has a / separate digital-to-analogue converter to generate its tuning voltage. Resonators B and C also include MOSFET switches to reduce the resonator voltages to zero. Because of the inherent matching of on-chip components, and since the -
resonant frequencies are the same, the tuning voltages for 80OHz 90MHz 100HHz 1101MHz each resonator will be similar. This allows the use of a Figure 8 . Filter response after tuning partial master-slave tuning scheme which reduces the total time taken by tuning. To achieve this, the tuning process is V. CONCLUSIONS divided into "coarse" and "fine" tuning stages. The tuning voltages VtuneA, B, C are developed by summing the The filter circuit and tuning system above are intended to output of a single Coarse Tune digital-to-analogue converter show the feasibility of achieving relatively high Q, high with attenuated outputs from separate During the coarse order bandpass filter responses at high frequencies. An tuning stage, resonator A is initially tuned for maximum OTA-C filter has been developed that is capable of response using coarse voltage steps at VtuneA generated by implementing the intended 6th order Butterworth response the Coarse Tune digital-to-analogue converter. The same with 100MHz centre frequency and 10MHz bandwidth. The coarse tuning voltage is applied to VtuneB and VtuneC, tuning scheme described is able to individually tune the which will result in these two resonators being filterresonators to achievetherequiredpassbandshape.
approximately correctly tuned due to matching.
In the current work, several parts of the tuning system have
